Objective: To determine the point prevalence of painful musculoskeletal (MSK) conditions in obese subjects before and after weight loss following bariatric surgery. Design: Longitudinal, interventional, unblended. Subjects: Forty-eight obese subjects (47 women, one man, mean age 4479 years; mean body mass index (BMI) 5178 kg/m 2 ) recruited from an academic medical center bariatric surgery program. Measurements: Comorbid medical conditions; MSK findings; BMI; Western Ontario McMaster Osteoarthritis Index (WOMAC) for pain, stiffness and function; and SF-36 s for quality of life. Methods: Consecutive subjects were recruited from the University Hospitals of Cleveland Bariatric Surgery Program. Musculoskeletal signs and symptoms and non-MSK comorbid conditions were documented at baseline and at follow-up. Subjects completed the SF-36 s and the WOMAC questionnaires. Analyses were carried out for each MSK site, fibromyalgia syndrome (FMS) and for the cumulative effect on the spine, upper and lower extremities. The impact of change in comorbid medical conditions, BMI, physical and mental health domains of the SF-36 s on the WOMAC pain subscale score was evaluated. SF-36 s outcomes were compared to normal published controls. Results: Forty-eight subjects were available for baseline and a follow-up assessment 6-12 months after gastric bypass surgery. They lost an average of 41715 kg and the mean BMI decreased from 5178 to 3677 kg/m 2 . Baseline comorbid medical conditions were present in 96% before surgery and 23% after weight loss. There was an increased prevalence of painful MSK conditions at baseline compared to general population frequencies. Musculoskeletal complaints had been present in 100% of obese subjects before, and 23% after weight loss. The greatest improvements occurred in the cervical and lumbar spine, the foot and in FMS (decreased by 90, 83, 83 and 92%, respectively). Seventy-nine percent had upper extremity MSK conditions before and 40% after weight loss. Before surgery, 100% had lower extremity MSK conditions and only 37% did after weight loss. The WOMAC subscale and composite scores all improved significantly, as did the SF-36 s . Change in BMI was the main factor impacting the WOMAC pain score. Conclusion: There was a higher frequency of multiple MSK complaints, including non-weight-bearing sites compared to historical controls, before surgery, which decreased significantly at most sites following weight loss and physical activity. These benefits may improve further, as weight loss may continue for up to 24 months. The benefits seen with weight loss indicate that prevention and treatment of obesity can improve MSK health and function.
Introduction
Obese individuals have more musculoskeletal pain and physical dysfunction than people of normal weight. 1, 2 Physician bias towards obese patients may contribute to the assumption that their painful musculoskeletal (MSK) symptoms are weight related. 3 However, the published literature does not support the association between weight and many MSK conditions. The most significant association is between knee osteoarthritis (OA) and obesity, 4, 5 but not with OA in other weightbearing joints such as the hip or ankle. 6, 7 Weight, even in the upper tertile of normal range (body mass index (BMI) 22-o25 kg/m 2 ) is associated with an increased risk of developing medial compartment and patellofemoral knee OA, 8, 9 suggesting a dose response effect of weight on the incidence of knee OA. Biomechanics may explain part of the contribution of weight to knee OA. Gait analysis in overweight and obese 12-year-old children demonstrates very high joint forces of the type that are associated with knee OA severity and progression. 10 Aside from knee OA, only carpal tunnel syndrome (CTS) and low-back pain (LBP) have a strong association with obesity. In a number of case-control studies, obesity was strongly associated with CTS and was independent of diabetes mellitus as a risk factor. [11] [12] [13] The literature associating obesity and LBP is limited. In a longitudinal study of weight and magnetic resonance imaging findings in the lumbar spine, persistent weight 425 kg/m 2 was associated with an increased risk of degenerative discs, but no clinical correlations were made. 14 In several very large population studies, obesity was found to be moderately positively associated with recurrent or chronic LBP, with adjusted risk ratios not exceeding 2.0. 15, 16 The prevalence of other MSK symptoms in an obese population has not been systematically evaluated. Three previous studies in bariatric surgery populations addressed primarily lower extremity and lumbar spine pain, and demonstrated significant improvement following weight loss. 1, 17, 18 The purpose of this study was to determine the point prevalence of a wide range of MSK symptoms in obese individuals before and after bariatric surgery and to compare them to prevalence data published in the literature. This bariatric surgery group represents the extreme of an obese and older population, in which weight-related MSK conditions should be more readily identified and the response to significant weight loss readily detectable. This is a very selective patient population, but as 150 000 gastric bypass surgeries were performed in the United States in 2005, it is an expanding population that warrants further outcome studies.
Materials and methods

Patient population
This study was approved by the University Hospitals of Cleveland Institutional Review Board. Consecutive subjects were recruited in the outpatient department of the Bariatric Surgery Program at University Hospitals of Cleveland. All subjects who were being evaluated as candidates for bariatric surgery were offered the opportunity to participate in the study. Inclusion criteria were at least 35 years of age, willing to sign informed consent and able to complete the questionnaires independently. Subjects were excluded if they withdrew consent. They were not required to have any MSK conditions to participate. 
Comorbid conditions
19
A history of prior MSK conditions including trauma or surgery was recorded. Subjects were asked directly about currently present pain or discomfort at each individual site before the physical exam and again during the examination. They were also asked if they had regional or widespread pain and if it had been present for at least 3 months, a screening for fibromyalgia syndrome (FMS). 20 They completed the SF-36 v3.0 s21 and the Western Ontario McMaster Osteoarthritis Index (WOMAC) 22 on their own before the history taking and the physical examination. The WOMAC reference joint was the predominantly painful knee or hip. If neither was present, subjects were instructed to base their response on another painful lower extremity site. Forty-five subjects had a painful hip or knee on which to base the WOMAC. Three subjects used a painful ankle as the reference joint.
Composite scores for physical health (PH) and mental health (MH) components were calculated. 21 Age-matched control group data for the SF-36 v3.0 s was derived from the published norms for the US population. 23 The subjects were systematically examined by a rheumatologist (MMH) or a trained rheumatology nurse (BAS). Validated clinical criteria exist for only a few MSK syndromes, notably the American College of Rheumatology Criteria for knee 24 and hip 25 OA and FMS. 26 For a site to be considered affected, a subject had to be aware of the pain or dysfunction at that site at times other than just the examination.
Classification of musculoskeletal symptoms Neck symptoms were recorded as positive if the subject reported neck pain, and had neck tenderness, painful range of motion, painful cervical paraspinal spasm or cervical radiculopathy.
Shoulder findings were recorded as positive if there was a history of shoulder pain and (a) tenderness to palpation of the acromioclavicular joint, (b) glenohumeral joint tenderness or painful range of motion or (c) there was pain with 901
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Elbow symptoms were classified as (a) epicondylitis (tender epicondyle and awareness of pain with use) or (b) intraarticular (tender joint line, swelling, painful range of motion).
Wrist findings were a history of pain and tenderness to palpation or range of motion.
Carpal tunnel syndrome consisted of pain or paresthesias in the median nerve distribution plus one of the following: positive Tinel's or Phalen's sign, electrodiagnostic study or nocturnal hand pain.
Hand symptoms consisted of pain with use and an exam indicative of tendonitis or arthritis.
Lumbar spine pain was recorded as positive if there was a history of lower back or buttock pain, associated with paraspinal muscle spasm, pain on spine range of motion or positive straight leg raising.
Hip pain was recorded as positive if the pain was described in the groin and was associated with painful hip range of motion.
Trochanteric bursitis was based on a history of lateral hip pain when lying on that side and tenderness to palpation of the bursa overlying the greater trochanter.
Knees were positive with a history of knee pain and when swelling, tenderness, crepitus, warmth, bony enlargement or painful range of motion were present on the exam.
Pes anserine bursitis was recorded as positive if the bursa (just inferior to the medial tibial plateau) was tender to palpation and the subject had current knee pain similar to that induced by bursal compression.
Ankles were recorded as positive with a history of ankle pain and evidence of swelling, painful or limited range of motion or malalignment.
Foot conditions were positive if associated with pain and the tarsal, metatarsophalangeal joints and the plantar fascia were examined for tenderness, swelling, pes planus and other malalignments.
Fibromyalgia syndrome was diagnosed if the subject had widespread pain (axial and all four limbs) and at least 11 of the 18 tender points based on the 1990 American College of Rheumatology criteria. 26 A single follow-up visit was planned to coincide with one of their 6-to 12-month post-operative follow-up visits. At this visit, the BMI, comorbid medical conditions, concurrent medications and MSK conditions were recorded. Subjects completed the SF-36 s and the WOMAC questionnaire. Before-and-after continuous variables were analyzed with paired t-tests. McNemar's test with Yates's correction was used for paired categorical variables. This takes into account whether a positive site score was new after treatment. The SF-36 s scores were analyzed with Student's t-test relative to the general population. The relationship of WOMAC pain subscale scores to age, BMI, comorbid and MSK conditions and the SF-36 s MH and PH domains were analyzed with multivariate linear step-wise regression analysis.
Results
Sixty-eight consecutive subjects were asked to participate. Fifty-four agreed and were screened. Those that declined did so because they objected to research or felt they were too busy. Of the 54 subjects enrolled, 48 were available for the single, planned follow-up between 6 and 12 months. Reasons for loss to follow-up included one accidental death and five subjects who withdrew consent because of time constraints or non-compliance with their follow-up in general. The mean baseline age, BMI, WOMAC and SF-36 s scores and MSK findings were similar in the lost-to-follow-up group compared to the group that did complete follow-up. The mean time from surgery to the follow-up visit was 201750 days. Table 1 shows the demographics of the 48 subjects available for follow-up. There were 47 women and one man. Table 2 shows the frequency of the comorbid medical conditions before and 6-12 months after surgery. Only two subjects had no baseline comorbid conditions. Comorbid conditions before surgery included hypertension (or on antihypertensive therapy), sleep apnea, depression (diagnosed and or treated by a health professional), gastroesophageal reflux disease (GERD), type 2 diabetes, asthma and bladder incontinence. There was a significant improvement in all the comorbid conditions, except for bladder incontinence. Discontinuation of medications (or CPAP) related to Table 3 lists the number and percent of subjects with pain at a given site before and after weight loss and the statistical significance of the change. It also demonstrates the prevalence as reported in general populations in the literature. [27] [28] [29] [30] [31] [32] [33] [34] Musculoskeletal symptoms were present in at least one site in 100% of subjects before surgery and in 48% after weight loss. There was a significant improvement in all sites of MSK conditions with the exception of the shoulder, the hip and the trochanteric bursa after weight loss. The pre-operative obese cohort appears to have had a higher frequency of painful MSK conditions at most sites, except the cervical spine, the hip and the trochanteric bursa. Cervical spine complaints were non-focal. Shoulder pain related primarily to rotator cuff injury or impingement syndrome. Elbow complaints were all epicondylitis. There were no intra-articular wrist problems. Hand symptoms related to tendonitis or OA. Lumbar spine complaints were all non-focal. Hip pain was intra-articular in origin. Of the subjects with knee pain, 91% (32 of 35) met the American College of Rheumatology (ACR) criteria for knee OA. There were no intra-articular ankle findings. Foot pain was due to metatarsalgia, plantar fasciitis, or associated with malalignment such as pes planus.
Patient demographics
Comorbid medical conditions and medications
Musculoskeletal conditions
Among the 48 subjects, there were 25 total spine complaints before surgery and 10 after weight loss, reflecting a 60% decrease. There were 80 upper extremity complaints before and 48 after (40% decrease) and 110 lower extremity complaints before and 69 after (37% decrease). These data are not shown. Table 4 shows the WOMAC subscales and composite scores and their potential ranges and percent improvement. All of these improvements were highly statistically significant (Po0.001).
Western Ontario McMaster Osteoarthritis Index questionnaire
SF-36
s Table 5 demonstrates the results of each of the eight domains of the SF-36 s before and after weight loss in the patient population and compared to an age-matched control population. 23 There was a statistically significant improvement in all eight of the SF-36 s domain scores between the pre-and post-operative groups, all at Po0.001. The postsurgical group was as good as or better than the normal control group in six domains.
In the step-wise multivariate regression analysis, improvement in the WOMAC pain subscale score was associated most significantly with BMI. The SF-36 s PH composite score had a very small statistical association, followed by the SF-36 s MH composite score. Resolution of comorbid medical conditions did not have a statistically significant impact on the change in WOMAC pain scores.
Discussion
As expected, weight-related MSK conditions were more prevalent in this selected obese population. We did find a Abbreviations: CTS, carpal tunnel syndrome; MSK, musculoskeletal; NS, nonsignificant. *Pre vs post. Musculoskeletal findings: bariatric surgery MM Hooper et al higher point prevalence of MSK symptoms in the upper and lower extremities and the spine, with the exception of the hip and trochanteric bursa compared to historical population controls. Other studies of subjects with hip OA have not found BMI to be a risk factor. 6, 7 An increase in upper extremity MSK symptoms has not been documented before in obese subjects, with the exception of CTS, where the relationship is attributed to increased adipose tissue in the carpal tunnel causing median nerve compression. Many obese subjects use their upper extremities as weight-bearing limbs when arising from a seated position, which may account for the increased upper extremity complaints. All of the upper extremity symptoms improved with weight loss with the exception of the shoulder complaints. Five shoulder subjects had irreversible lesions (torn rotator cuffs as a result of falling) and the remaining symptomatic subjects continued to have shoulder impingement symptoms. Obesity has not previously been linked to FMS, although in an FMS population, BMI correlated positively with poor functional capacity. 35 Six to 12 months after substantial weight loss following gastric bypass surgery (GBS), there was a significant improvement in symptoms at both weight-and non-weightbearing MSK sites, with the exception of the shoulder, hip and trochanteric bursa complaints. Improvement was proportionately similar in both upper and lower extremity sites and even greater for the spine. The greatest improvements occurred in the cervical (90%) and lumbar spine (83%), the foot (83%) and in FMS (92%). As the mean BMI at the followup visit was 36.777 kg/m 2 , many of the subjects were still in the obese range, yet there was dramatic improvement in both their comorobid conditions and their MSK conditions. Longitudinal studies are warranted to demonstrate whether there is benefit from continued weight loss.
The improvement of knee symptoms with weight loss is not surprising. In the arthritis diet, and activity promotion trial, subjects with knee OA and baseline BMI X28 kg/m 2 (mean 34), who completed an 18-month trial of diet and exercise and lost 5.7% of body weight, experienced a significant improvement in knee pain. 36 There are three studies of MSK complaints in obese subjects before and after GBS. McGoey evaluated lumbar spines and lower extremity symptoms in 105 subjects before and 22.5 months (mean) after GBS. The percent of patients with lumbosacral spine complaints decreased from 62 to 11%, hip pain from 11 to 2%, knee complaints from 57 to 14%, ankle problems from 34 to 2% and foot pain from 21 to 1%. 17 Peltonen et al. 1 looked at work-restricting MSK symptoms in the general population and 2010 surgically treated obese subjects, aged 37-60 years, and 2037 age-and gender-matched obese subjects not undergoing surgery.
Obese subjects had more work-restricting neck, low back, hip, knee and ankle pain and the prevalence increased with BMI. Subjects in the obese group who underwent vertical banded gastroplasty had a significant decrease in workrestricting pain at all five sites at 2 and 6 years. Both these studies documented an improvement in hip pain, which was not the case in our study. Differences may be owing to the definition of 'hip' pain. It is not clear how this was defined in the McGoey paper. However in the Swedish study, hip pain was diagnosed by a self-administered questionnaire and probably included patients with hip pain of lumbar origin, which would have responded to weight loss. Melissas et al. found a prevalence of LBP of 58% in 50 patients undergoing bariatric surgery compared to 24% in a normal-weight control group. The prevalence in the surgical group declined to 20%, 24 months after surgery. 18 The WOMAC composite index is validated for the assessment of outcomes involving knee and hip OA. 22 All but three of our subjects had hip or knee pain. Three had ankle pain. The ACR criteria permit the diagnosis of knee OA without knee radiographs, and 91% of our subjects met these criteria. The ACR criteria for hip OA require radiographs, so the hip pain patients did not have confirmed hip OA. In a postal survey of patients with knee pain whose knee OA status was not known, there was a positive association between BMI and WOMAC knee pain scores. 37 The GBS in our study was an intervention and the WOMAC response was similar to that reported from other groups who have looked specifically at knee OA in obese populations after weight loss. 5, 36 The WOMAC is a valuable tool and should be evaluated more thoroughly in the GBS population. Obese subjects score more poorly than non-obese subjects in general on quality of life assessment tools, and this varies Musculoskeletal findings: bariatric surgery MM Hooper et al with absolute BMI, comorbid medical conditions, whether the subject is seeking obesity treatment, gender and race. 38 Several quality of life tools specific for bariatric surgery patients have been validated, including the Bariatric Quality of Life (BQL), the Bariatric Analysis and Reporting Outcome System (BAROS) and the Impact of Weight on Quality of Life (IWQoL). These were designed to address the issues relating to the surgery itself. Various forms of the SF-36 s have been used in multiple studies of GBS populations, demonstrating consistent improvement with weight loss as early as a few weeks post-operatively. [39] [40] [41] [42] [43] Our subjects' results were consistent with these findings. The SF-36 s has been recommended at a consensus conference of bariatric surgeons 44 and the s has demonstrated internal validity in a bariatric population. 45 Obese subjects are more likely to somatize and to be depressed than normal-weight controls, 46 ,47 which can impact on pain and pain perception. Psychological abnormalities improve following GBS and weight loss. 48 In the stepwise regression analysis, improvement in WOMAC pain scores was best explained by the BMI, but there was a small statistical contribution of the SF-36 s PH component and a lesser association with the SF-36 s MH component. Improvement in comorbid conditions was not statistically associated with change in pain scores.
Our study is consistent with previous reports of increased MSK pain and its response to weight loss in bariatric surgery populations. We extend this observation to include increased upper extremity pain and its response to weight loss in non-weight-bearing sites, the cervical spine and FMS. The results of this study may not be generalizable to all obese populations. This was a highly motivated group of predominantly women who made major lifestyle changes including exercise, which we did not quantitate. Nevertheless, significant improvement of pain and function at most MSK sites is an indication of the merits of weight loss in an obese population.
